Background: Conventional antipsychotic drugs have been implicated as a cause of ventricular arrhythmias and cardiac arrest, but no definitive information is available regarding atypical antipsychotics. We compared the effect of conventional and atypical antipsychotics on the risk of hospitalization for ventricular arrhythmias and cardiac arrest.
ization for ventricular arrhythmias or cardiac arrest (adjusted odds ratio, 1.86; 95% confidence interval, 1.27-2.74). There was no increased risk associated with the use of atypical antipsychotics (odds ratio, 0.87; 95% confidence interval, 0.58-1.32). The risk of hospitalization for ventricular arrhythmias or cardiac arrest was highest among conventional users with cardiac disease (odds ratio, 3.27; 95% confidence interval, 1.95-5.47). However, cardiac disease and conventional antipsychotics did not show a synergistic effect (synergy index, 1.19).
Conclusions: Conventional but not atypical antipsychotics are associated with an increased risk of hospitalization for ventricular arrhythmias and cardiac arrest. The prescription of conventional antipsychotics in patients with cardiac disease should be carefully weighed.
Arch Intern Med. 2005;165:696-701
S OME ANTIPSYCHOTIC MEDICAtions have been associated with an increased risk of ventricular arrhythmias, cardiac arrest, and sudden death. 1, 2 The literature includes several case series in schizophrenic patients treated with thioridazine hydrochloride, 1, 3 haloperidol, 4 and other conventional antipsychotics. 5 More recently, epidemiologic studies 6, 7 have confirmed a direct relationship between conventional antipsychotics and the risk of sudden death. In patients treated for schizophrenia this increased risk has been attributed to the QT-prolonging properties of conventional antipsychotics. 8, 9 The newer, so-called atypical antipsychotics (clozapine, risperidone, olanzapine, quetiapine fumarate, ziprasidone hydrochloride, and aripiprazole) are more effective for the treatment of negative symptoms in schizophrenia and confer a lower risk of extrapyramidal side effects and tardive dyskinesia compared with conventional agents. 10 This better safety profile has expanded indications for treatment. Indeed, atypical antipsychotics are considered the mainstay of treatment for older persons with behavioral symptoms associated with dementia who reside in nursing homes. 11 Increasing use of atypical antipsychotics in diverse settings has been consistently documented. 12, 13 Despite experimental evidence that some atypical antipsychotics can also prolong QT interval, 5 only clozapine has been linked to serious cardiac problems.
14 Risperidone has a minimal effect on QT interval, 5 and the only reported case of sudden death was not due to ventricular arrhythmias. 15 A single epidemiologic study on schizophrenic patients has suggested an increased risk of ventricular arrhythmias and cardiac arrest associated with risperidone, a finding not endorsed by the authors of that study. 6 We conducted a case-control study to estimate the effect of conventional-and atypical-antipsychotic use on the risk of hospitalization for ventricular arrhythmias or cardiac arrest among elderly residents of Medicare-Medicaidcertified nursing homes in 6 US states.
METHODS

DATA SOURCE
We used the Systematic Assessment of Geriatric Drug Use via Epidemiology database, which contains data from the Minimum Data Set (MDS). The MDS is a standardized, clinically based instrument used to assess residents in nursing homes across the United States. The MDS collects information on each resident's demographic, functional, medical, psychological, and cognitive status. The Centers for Medicare and Medicaid Services require that each certified facility conduct an MDS assessment of all residents on admission and quarterly thereafter. Since June 22, 1998, the Centers for Medicare and Medicaid Services maintain a centralized repository of all MDS data. The Systematic Assessment of Geriatric Drug Use via Epidemiology database has been described in detail elsewhere 16, 17 and has been proven a useful resource for epidemiologic research. 18 Data collected in the nursing homes of 6 states (Illinois, Maine, Mississippi, New York, Ohio, and South Dakota) were used in this study.
CASE SELECTION
The Systematic Assessment of Geriatric Drug Use via Epidemiology database links MDS data to the Medicare inpatient claim files (part A). These files provide the admission diagnosis and up to 10 discharge diagnoses for any hospitalization, recorded by the International Classification of Diseases, Ninth Revision (ICD-9) codes. 19 We identified cases by inpatient hospitalizations in which either the admission or the primary diagnosis was for cardiac arrest (ICD-9 427.5) or ventricular arrhythmias including paroxysmal ventricular tachycardia (ICD-9 427.1), ventricular flutter and fibrillation (ICD-9 427.4), ventricular flutter (ICD-9 427.42), and ventricular fibrillation (ICD-9 427.41). We used the first hospitalization to define case status among persons with multiple hospitalizations. Between July 4, 1998 , and December 30, 1999, we identified 934 hospitalizations that met our case definition.
CONTROL SELECTION
We identified potential controls by inpatient hospitalizations in which the primary diagnosis at discharge was septicemia (ICD-9 038-038.9), gastrointestinal hemorrhage (ICD-9 578, 578.0, 578.1, 578.9), rectal bleeding (ICD-9 569.3), gastritis with bleeding (ICD-9 535.1), duodenitis with bleeding (ICD-9 535.6), or influenza (ICD-9 487, 487.0, 487.1, 487.9). We identified 18856 potential controls. To minimize the potential confounding effect of specific characteristics of the facilities, 20 each case was matched to a maximum of 5 controls residing within the same facility during the same period. We excluded cases for whom we could not identify at least 1 eligible control (n=285). The final sample consisted of 649 cases and 2962 controls. Cases included residents hospitalized for cardiac arrest (40.6%), paroxysmal ventricular tachycardia (34.5%), and ventricular flutter or fibrillation (24.9%).
ANTIPSYCHOTIC EXPOSURE
Nursing home staff recorded the name, dose, frequency, route of administration, whether the order was scheduled (standing order) or as needed, and the National Drug Code for up to 18 drugs taken by the resident in the 7 days before the assessment.
We identified, for any study participant, the most proximal assessment reporting drug information before the hospitalization and defined it as the index assessment. We defined as exposed those residents for whom any antipsychotic use was reported at the index assessment. Exposed residents were (1) users of atypical antipsychotics including risperidone, olanzapine, quetiapine, and clozapine; (2) users of conventional agents including chlorpromazine, chlorprothixene, fluphenazine hydrochloride, haloperidol, loxapine, molindone hydrochloride, perphenazine, promazine hydrochloride, thioridazine hydrochloride, thiothixene, and trifluoperazine hydrochloride; and (3) users of both classes of antipsychotics. Unexposed residents were those for whom no antipsychotic use was reported at the index assessment.
POTENTIAL CONFOUNDERS
Sociodemographic characteristics including age, sex, and race or ethnicity, along with body mass index; indicators of functional, cognitive, and behavioral status; comorbid conditions; and concurrent drug use, were considered potential confounders.
To evaluate functional status, we used the Activities of Daily Living scale, a 7-item, 5-level score embedded in the MDS and based on the resident's performance in 7 areas: dressing, eating, toileting, bathing, locomotion, transferring, and incontinence. 21 We classified the degree of dependence as mild (score of 0-1), moderate (score of 2-3), or severe (score of 4-5).
We used the Cognitive Performance Scale to measure residents' cognitive status. The Cognitive Performance Scale is a valid instrument and has excellent comparability with the MiniMental State Examination. 22 The Cognitive Performance Scale score ranges from 0 (intact cognition) to 6 (severe dementia). We categorized cognitive impairment as follows: minimal (score of 0-1), moderate (score of 2-3), and severe (score of [4] [5] [6] .
The degree of severity of behavioral problems was evaluated by an MDS-based index previously used in research 23 and considered appropriate in a recent consensus statement. 24 Residents were considered to have severe symptoms if they were verbally or physically abusive and socially inappropriate every day. Residents with moderate symptoms were those who were wandering, verbally or physically abusive, and socially inappropriate on occasions, but less than daily. If residents exhibited at least 1 of the previously mentioned symptoms but not all of them, or none of them, their condition was classified as mild or normal.
The MDS section on clinical diagnoses provided information about residents' comorbid conditions. 17 These were recorded by physicians on the basis of medical history, hospital charts or record review, or physical examination when appropriate. We also considered concomitant medications with a known effect to prolong the QT interval and those with antiarrhythmic effect.
STATISTICAL ANALYSIS
We used conditional logistic regression models to quantify the effect of antipsychotic use on the likelihood of hospitalization for ventricular arrhythmias or cardiac arrest, simultaneously controlling for all potential confounders. Exposure categories in the first model included standing-order conventional-drug use, as-needed conventional-drug use, standing-order atypicaldrug use, as-needed atypical-drug use, and use of both antipsychotic classes, with no antipsychotic use as the reference category. To estimate the effect of conventional relative to atypical antipsychotics, we used a second model including the same exposure categories with standing-order atypical-drug use as the reference category. We derived crude and adjusted odds ratios along with 95% confidence intervals from these models.
Since we hypothesized that preexisting cardiac disease could modify the effect of conventional antipsychotics on the risk of ventricular arrhythmias and cardiac arrest, we tested the interaction between any cardiac condition and conventionalantipsychotic use. We defined a resident as having a cardiac disease if at least 1 of the following diagnoses had been previously documented: cardiac arrhythmias, heart failure, coronary artery disease, or other heart disease. According to Rothman and Greenland, 25 we combined cardiac disease and antipsychotic exposure into 1 variable with 12 levels. We included this variable in a conditional logistic regression model with "no antipsychotic use/no cardiac disease" as the reference category. We estimated the synergy index (SI), which measures interaction as a departure from additivity of the effects, 25 as follows:
, where A and B denote the presence of and Ā and B the absence of the 2 risk factors. In the absence of interaction between the two risk factors, the synergy index equals 1.
Statistical analysis was performed with SAS software, version 8 (SAS Institute Inc, Cary, NC).
RESULTS
Cases were younger and more likely to be male than were controls ( Table 1) . Residents in the control group were more likely to present a severe degree of functional impairment (48.6% vs 29.4%) and cognitive deficit (30.1% vs 14.5%). Cardiac diseases were more prevalent among cases, with a notable difference for heart failure (39.4% vs 26.6%). Instead, controls were more likely to be diagnosed as having Alzheimer disease (10.5% vs 7.8%) and other dementias (30.4% vs 24.1%). There was no difference in the prevalence of antipsychotic use between the 2 groups, but cases were more likely to use conventional agents (10.5% vs 7.2% among controls). Table 2 shows that cases were more likely to be users of bronchodilators, antiarrhythmic drugs, angiotensinconverting enzyme inhibitors, vasodilators, loop diuretics, calcium channel blockers, ␤-blockers, and coagulation modifiers.
Among atypical agents, risperidone was the most commonly used medication and accounted for more than 70% of prescriptions ( Table 3) . Use of other agents, quetiapine and clozapine in particular, was infrequent. For atypical antipsychotics, nearly 100% of prescriptions were standing orders. Haloperidol was the leading conventional antipsychotic (nearly 50% of prescriptions), followed by thioridazine. In this category, as-needed use varied from 25% for chlorpromazine and chlorprothixene to 0% in the case of thioridazine and several other agents.
After control for potential confounders, users of conventional antipsychotics showed an 86% increase in the risk of hospitalization for ventricular arrhythmias or cardiac arrest (odds ratio, 1.86; 95% confidence interval, 1.27-2.74) relative to nonusers ( Table 4) . There was no increased risk associated with the use of atypical antipsychotics (odds ratio, 0.87; 95% confidence interval, 0.58-1.32). We repeated the analysis including risperidone users as a separate exposure category, and we observed no effect on the risk of being hospitalized for ventricular arrhythmias or cardiac arrest by either risperidone alone or the other atypical antipsychotics. Table 5 shows the combined effect of antipsychotic use and the presence of cardiac disease on the likelihood of experiencing the outcome. Among residents re- ceiving conventional antipsychotics, those with cardiac disease were 3.27 times (95% confidence interval, 1.95-5.47) and those with no cardiac disease were 2.05 times (95% confidence interval, 1.14-3.68) more likely to be hospitalized for ventricular arrhythmias and cardiac arrest, compared with nonusers without cardiac disease. The synergy index was 1.19, indicating no interaction between conventional-antipsychotic use and preexisting cardiac disease.
COMMENT
The results of this study document that the use of conventional antipsychotics is associated with an increased risk of hospitalization for ventricular arrhythmias and cardiac arrest. Our findings are consistent with those of Ray and colleagues, 7 who reported a 2-fold increase in the rate of sudden death among patients aged 15 to 84 years receiving conventional antipsychotics compared with nonusers. In particular, these authors found that the sudden death rate ratio for current users of 100 mg or less of thioridazine hydrochloride or its equivalent, compared with nonusers, was 1.30, significantly less than that for moderate-dose users (rate ratio, 2.39). In the current analysis, we found an 86% increase in the risk of hospitalization for ventricular arrhythmias and cardiac arrest among conventional-antipsychotic users. The daily doses in our study were generally low (eg, thioridazine hydrochloride daily dose mode was 50 mg) and within the recommended range for this population. 24 Thus, our findings may indicate a particular sensitivity of the elderly population to the cardiotoxic effect of conventional antipsychotics.
In contrast, atypical antipsychotics did not appear to be associated with an increased risk of hospitalization for ventricular arrhythmias and cardiac arrest. Previous studies indicated that atypical antipsychotics do not affect QT Abbreviation: ACE, angiotensin-converting enzyme. *Includes amantadine hydrochloride, antimony sodium gluconate, arsenic trioxide, chloral hydrate, dexfenfluramine hydrochloride, famotidine, felbamate, fenoxedil, fosphenytoin sodium, mitoxantrone hydrochloride, octreotide, pentamidine, tacrolimus, tamoxifen citrate, terodiline hydrochloride, tizanidine hydrochloride, and vasopressin. interval when used at therapeutic doses. [26] [27] [28] [29] However, new evidence suggests that there could be important doserelated differences in the effect on QT interval. 30, 31 High doses of risperidone (mean dose, 7.2 mg) have been associated with a mean QT increase of 4.4 milliseconds in a double-blind comparison with olanzapine. 30 Sporadic cases of risperidone overdose associated with severe QT prolongation have been described, 32, 33 but a review of the overdose profiles indicated that atypical antipsychotics are generally safe. 34 Cardiac disease may be a predisposing factor for ventricular arrhythmias and cardiac arrest. We found consistently that the presence of a cardiac disease was a strong confounder in the relationship under study. However, the use of conventional antipsychotics and the presence of a cardiac disease did not show a synergistic effect on the risk of hospitalization for ventricular arrhythmias and cardiac arrest, pointing to the absence of a biological interaction.
Our study has several strengths. In times when atypical antipsychotics are rapidly replacing conventional antipsychotics 12, 13 and indications for the use of these drugs are expanding, 11 this study provides new information on a still unresolved clinical question. A possible cardiovascular risk associated with atypical antipsychotics is a critical issue especially in view of the suspiciously high rates of venous thromboembolism 35 and ischemic stroke reported among patients receiving these medications. 36 Finally, given the nature of the outcome, no clinical trials investigating this issue would be deemed ethical and observational studies are invaluable.
This study also has some limitations. Since we used claims for outcome identification, we missed all cases of ventricular arrhythmias and cardiac arrest resulting in death before hospital referral. The use of claims data to assess the outcome may raise concerns of lack of accuracy and potential for misclassification. Nonetheless, cardiac events such as ventricular arrhythmias and cardiac arrest require electrocardiographic confirmation, and this may lower the potential for inaccuracy. In our database there is no available information on QT-interval measurements. However, QT interval is more a marker of risk than a mechanism of arrhythmia, prolongation does not necessarily result in ventricular arrhythmias, and there is no established safety threshold. 37, 38 Atypicalantipsychotic use has been associated with body weight increase and dyslipidemia. 39 Because of the limited duration of the study, we could not assess the possible impact of these risk factors on the outcome. Finally, no information was available on other potential confounders such as electrolyte disturbances, heart rate variability, 40 and other predisposing conditions. 41 In conclusion, this study has documented that conventional but not atypical antipsychotics are associated with an increased risk of hospitalization for ventricular arrhythmias and cardiac arrest. An increased risk is present even for doses within the recommended range. Thus, physicians should use these drugs cautiously among elderly patients, especially those with cardiac disease. We have documented an increased relative risk of an event that is exceedingly rare. Therefore, the clinical relevance of the estimated effect size at the population level should be judged by taking into account the low background rate of the event. Moreover, atypical antipsychotics are not more efficacious than conventional agents, 42 nor is there sufficient evidence to claim an overall superior cardiac side effect profile of atypical antipsychotics compared with conventional agents. In fact, the use of these agents may be challenged by newer adverse effects: substantial weight gain and elevated cholesterol and insulin levels, which might in turn affect cardiac health. 43 Thus, therapeutic choice should be based on a careful evaluation of the patient's individual needs and risk profile, along with the beneficial and harmful effects of both classes of antipsychotics. †Adjusted for the same factors as in Table 4 .
